Transcriptional and posttranscriptional control of tyrosine hydroxylase gene expression during persistent stimulation of pituitary adenylate cyclase-activating polypeptide receptors on PC12 cells: regulation by protein kinase A-dependent and protein kinase A-independent pathways.
Pituitary adenylate cyclase-activating polypeptide (PACAP) stimulates catecholamine release and biosynthesis in sympathetic postganglionic cells. Moreover, PACAP receptor activation in cultured adrenal chromaffin and superior cervical ganglion cells has been reported to increase the expression of the gene coding for tyrosine hydroxylase (TH), the rate-limiting enzyme in catecholamine biosynthesis. However, the relative contribution of transcriptional and posttranscriptional mechanisms to the effects of PACAP on TH gene expression has not been evaluated. Therefore, in this study we compared the temporal effects of PACAP on TH gene transcription with the duration of its effects on TH mRNA levels. We had previously shown that vasoactive intestinal polypeptide, peptide histidine isoleucine, and secretin, peptides closely related to PACAP, induce TH gene expression through a cyclic AMP (cAMP)-dependent pathway. Therefore, using a mutant PC12 cell line deficient in cAMP-dependent protein kinase II (PKA), we also evaluated the role of the cAMP pathway in the effect of PACAP on TH gene expression. Continuous treatment of wild-type PC12 cells with PACAP (1 nM) increased TH mRNA levels maximally by 12 h and maintained TH mRNA at near maximal levels for at least 2 days. In contrast, the rate of TH gene transcription, as measured by a nuclear run-on assay, was maximal by 1 h and returned to basal levels by 3 h. The fact that a new steady-state level of TH mRNA was achieved and maintained for days in the absence of a sustained increase in TH gene transcription supports the involvement of posttranscriptional mechanisms. Removal of PACAP after 12 h, a time at which TH gene transcription was at basal levels, resulted in a subsequent return of TH mRNA to unstimulated levels within 36 h. Thus, continuous PACAP stimulation is required to maintain sustained increases in TH mRNA levels in the absence of a sustained elevation of transcription. To examine the role of the cAMP pathway in these effects, we compared the effects of PACAP in wild-type PC12 cells and in a mutant PC12 cell line (A126-1B2) that is deficient in PKA. PACAP failed to stimulate either TH mRNA levels or TH gene transcription in the mutant cells. In contrast to the effects of PACAP, dexamethasone increased TH mRNA levels by the same magnitude in both cell lines. It is noteworthy that stimulation of the PKA-deficient mutant cells with a combination of PACAP and dexamethasone (1 microM) produced a synergistic increase in TH mRNA levels, which was nearly twice that induced by dexamethasone stimulation alone. This synergistic effect was not transcriptionally mediated. The effect of the combined treatment on TH gene transcription was identical to the effect of dexamethasone alone. Taken together, these data indicate that PACAP regulates TH gene expression through a transcriptional mechanism requiring an intact cAMP pathway and through posttranscriptional mechanisms under the control of a cAMP-independent pathway(s).